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L OWERED concentrations of oxygen in the inspired air have been shown to produce constriction of pulmonary vessels in the cat' 2 and in human subjects.3 4 The reaction of canine pulmonary vessels to hypoxia has been studied by many workers, whose consensus appears to favor a constrictor response. However, its variability has caused LanariZubiaur and Hamilton5 to question its biologic significance. Conversely, concentrations of oxygen approaching 100 per cent in inspired air have been shown to reduce total pulmonary resistance in normal man6 and in patients with ventricular septal defect7 and in patients with patent ductus arteriosus. 8 The present report concerns patients with pulmonary hypertension associated with atrial septal defect, who, in general, fall in an older age group than do patients with ventricular septal defect and who may differ from them in the factors underlying the development of pulmonary hypertension. It will be shown that in these patients with pulmonary hypertension and atrial septal defect, a labile component of the pulmonary vascular resistance can usually be demonstrated whether or not the vascular resistance is increased. Breathing high concentrations of oxygen usually produces a decrease in the calculated pressureflow ratio (vasomotor tone) even in older patients and in those with severe organic occlusive changes in the pulmonary blood vessels. 6 patients from undergoing operation.
The age of 1 patient Was less than 20 years; 7, 9, and 10 patients were in the third, fourth, and fifth decades of life, respectively; and 3 patients were more than 50 years of age.
Seventeen of the patients breathed 95 to 100 per cent oxygen via a mouthpiece with wide-bore corrugated rubber tubing from a large-volume (approximately 45 L.) spirometer, which incorporated a recirculation pump and carbon dioxide absorber and permitted the measurement of oxygen consumption. Thirteen patients breathed oxygen front a molded rubber mask strapped to the face, which incorporated a small balloon and into which oxygen flowed at a rate sufficient to produce a large outboard leak. In this way any tendency for air to be drawn into the face-piece was minimized, and appreciable rebreathing was prevented. This technic, however, did not permit the measurement of oxygen consumption.
Pulmonary blood flow was determined by the Fick principle. Oxygen consumption was determined for all patients while breathing air by measuring the volume of gas expired over a 3-minute interval and determining the oxygen concentration in a sample of this expired gas breathing oxygen could be demonstrated. The average systemic resistance (mean systemic artery pressure divided by systemic blood flow) increased from 1,460 to 1,650 dynes sec. cm.-5 during the period of oxygen breathing. Random changes of considerable magnitude were seen in right atrial pressures of a few patients.
In 6 cases that included necropsy the status of the pulmonary vessels was graded independently according to the severity of structural changes.12 The severity of these organic vascular changes was found to have a positive correlation with the pulmonary-systemic resistance ratio recorded during breathing of air and with that recorded during breathing of oxygen. However, in this small group of patients no definite correlation was found between the grade of vascular disease and either absolute or relative changes in pulmonary vascular resistance on breathing oxygen.
DISCUSSION
These data indicate that in patients with pulmonary hypertension and atrial septal defect the change from breathing air to breathing 100 -per cent oxygen is nearly always associated with an increase in the flow of blood through the pulmonary circuit and a decline in presdure in the pulmonary artery. Further, since changes in left atrial pressure are minor and random, the increase in blood flow and reduction in pressure indicate that a decline in pulmonary vascular resistance has occurred. Therefore it appears that the pulmonary vascular bed in patients with atrial septal defect responds to this stimulus in a manner similar to that of the pulmonary vasculature in patients with ventricular septal defect or patent ductus arteriosus and in normal subjects. Most likely the fall in resistance is due to dilatation of pulmonary blood vessels already open, or to opening of channels that have been closed.
Assumptions. Three assumptions have been made concerning the data. First, for the calculation of pulmonary flow it appears entirely reasonable to assume that among the 13 patients in whom oxygen consumption was not OXYGEN AND PULMONARY VASCULAR RESISTANCE determined while breathing oxygen it was not less than it had been while they were breathiig air. Calculated with these values, the changes in pulmonary flow were of the same order of magnitude as in the group of 17 from whom the data for both circumstances were available. Since a slight increase of oxygen co01sumJption with the chanlge had been demonstratedl in that group, the assumption of constalicy amiong the 13 actually tends to minimize the volume of their pulmonary blood flows.
Second, in the presence of atrial septal defect the close similarity of pressures in the 2 atria assumed in this study has been demonstrated by Dexter13 and by others. In these patients the differences between mean pulinoiary artery pressures and left atrial pressures were colisi(lerable, and the defects usually were of large size. In only 8 of the 30, however, did the pulmonary flow exceed the upper range of normal-a fact that implies the flow across the defect was not great in the majority of eases under study. Pulmonory-ortery mean pressure ( 2) Ratio-Pulmonary-artery mean pressure (air) (fig. 2) .
Response of the Pulmonary Blood Vessels. The data are regarded as demonstrating a decrease in pulmonary vascular resistance associated with the breathing of 95 to 100 per cent oxygen in patients with pulmonary hypertension and atrial septal defect. The change in vascular resistance probably is not confined to those patients with pulmonary hypertension, since a decline in total pulmonary resistance which averaged 13 per cent has been found in 15 Studies of the effect of acetylcholine on the pulmonary circulation provide additional evidence for the contribution of vessel tone to the pulmonary vascular resistance in the presence of pulmonary hypertension in atrial septal defect. Harris16 investigated 5 cases of atrial septal defect, in 3 of which pulmonary hypertension was severe. Injections of acetylcholine (average dose for a larger group, 2.3 mg.) produced no change in pulmonary artery pressure. However, when Shepherd and co-workers17 studied the effect of continuous infusion of 2 to 24 mg. per minute of acetylcholine in 6 cases of atrial septal defect with pulmon4ry hypertension, both a fall in pulmonary artery pressure and an increase in pulmonary flow occurred. The greatest fall in resistance was observed when acetylcholine was infused during breathing of oxygen. Most probably acetylcholine caused dilatation of the pulmonary blood vessels by direct local action. The mechanism whereby inspired oxygen acts is not known. which is large enough to equalize pressures between the two circuits from birth. In our experience,18 as in that of Dexter, 13 it is uncommon to find pulmonary hypertension of the levels discussed herein associated with atrial septal defect in patients less than 20 years of age. In certain patients, however, for reasons not understood, pulmonary artery pressure increases slowly or rapidly during early adult life, usually with persistence of an increased level of pulmonary blood flow. Development of hypertension in the pulmonary circuit, whether associated with increased pulmonary blood flow or not, is unlike the response of normal pulmonary vessels that dilate, with but a small change in pressure, when the flow through them is increased. This development of pulmonary hypertension in atrial septal defect with a raised pulmonary blood flow is associated with an increase in pulmonary vascular resistance from levels below the range of normal to values that equal or slightly exceed normal, with a considerable increase in pulmonary blood flow. Study of a relatively few patients seen over a period of 6 to 8 years suggests that once the level of pulmonary artery systolic pressure is significantly elevated, it may remain -virtually the same while the progression of organic change in the pulmonary vessels is manifested only by a steady decline in pulmonary blood flow. Why pulmonary hypertension develops in certain patients and not in others is uncertain. Histologic studies of the small pulmonary vessels of such patients have shown that once pulmonary hypertension is established a distinct muscular media forms in the arterioles, and the media of the muscular pulmonary arteries hypertrophies. The progression of such changes seems identical to that of the changes in pulmonary hypertension associated with ventricular septal defect or patent ductus arteriosus, and hence the similarity of the responses of these vessels to dilating influences is not surprising.
Prognosis from the Tests. The prognostic significance of the change in pulmonary vascular resistance is uncertain, but the follow- 
